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Resufts obtained during a light microscopical study 
revealed the first data on embryo sac development and 
structure as well as endosperm formation for 
Achariaceae, a small family of three monotypic genera 
endemic to southern Africa. For Guthriea capensis 
Bolus these aspects, as well as the organisation of the 
sporophytic ovular tissues, are described and depicted 
in detail. After fertilisation the swollen, branched tip of 
the pollen tube persists in the embryo sac during the 
initial stages of endosperm development. A suspensor~ 
less embryo, possibly belonging to the Penaea variation 
Introduction 
The Achariaceae is a small family of perennial, monoecious 
and sympetalous dicotyledons endemic to southern Africa. 
The family comprises three monotypic genera of diverse 
growth habit and habitat: Acharia tragodes Thunb. , a 
sparsely branched , subherbaceous shrublet of valley 
bushveld centered in the Eastern Cape; Ceratiosicyos laevis 
(Thunb. ) A.Meeuse, a herbaceous, non-tendri liferous twiner 
from forest margins, particularly along the eastern escarp-
ment of the country, and Guthriea capensis Bolus, a rosette 
plant with underground rootstock occurring in open grass-
land on the southern Drakensberg and in sheltered niches 
among rocks on high mountains of the Karoo (Dahlgren and 
Van Wyk 1988). In vegetative morphology and anatomy the 
genera also differ markedly, but the monoecious breeding 
system, the hypogynous flowers with sympetalous corollas 
and the swollen trichomes on the anthers clearly knit the 
taxa together (Dahlgren and Van Wyk 1988). 
As far as interfamilial re lationsh ips are concerned . 
Achariaceae have most often been associated with 
Passifloraceae (Bentham and Hooker t 867, Harms t 893, 
Hutch inson 1926, Takhtajan 1997, Bernhard 1999). The lat-
ter family is widely regarded as closely related to 
Flacourtiaceae (Kolbe and John 1979, Dahlgren t 980, 
Cronquist 1988, Takhtajan 1997); evidence from many stud-
ies indicates that the primitive tribes, Paropsieae and 
Abatieae are transitional between the two families and per-
haps form a connecting link (Lemke 1988) . Several similari-
of the Asterad type, is formed. Although both integu-
ments partake in the formation of the seed coat, onto~ 
genetic data show that the inner epidermis of the outer 
integument contributes most of the mechanical tissue, 
i.e. the seed coat of Guthriea Bolus is mainly endotestal. 
The resufts of the investigation suggest that ovule and 
seed coat characters in Guthriea and Ceratiosicyos 
Nees differ considerably. Achariaceae seem well placed 
within the MaIpighiales, but embryological data also 
show similarities with Cucurbitales and, possibly, 
Brassicales. 
ties also exist between Achariaceae and some members of 
the Flacourtiaceae: impertect flowers (tribe Pangieae of the 
Flacourtiaceae, according to Lemke 1988); superior ovaries; 
copious oily endosperm; exotegmic seeds (Ceratiosicyos 
Nees, according to Dahlgren and Van Wyk 1988); the pres-
ence of cyclopentanoid cyanogenic glycosides and a bio-
chemical relalionship with phytophagous insects such as the 
butterfly, Acraea horta l. (Dahlgren and Van Wyk 1988). 
Significantly, early evidence from rbd.. nucleotide sequences 
confirms the putative alliance between Achariaceae and 
Flacourtiaceae - Achariaceae are included in the clade 
containing tribe Pangieae and Scyphostegiaceae - but 
does not support the often cited close relationship between 
Passifloraceae and Flacourtiaceae (Chase et al. 1996). 
Final ly, Achariaceae have also been linked with 
Cucurbitaceae, mainly on account of conformities in anther 
morphology, the presence of exstipulate leaves, the unusu-
al combination of unisexual flowers with sympetalous, cam-
panulate corollas in both fami lies and the cucu rbitaceous 
growth habit of Ceratiosicyos (Harms 1897 , Hutchinson 
1926, 1967, Dahlgren and Van Wyk 1988, Dahlgren 1991). 
The taxonomic position of Achariaceae thus needs further 
clarification. Embryological information has in numerous 
cases been helpful in elucidating interfamilial relationships, 
but such data are still very scanty for Achariaceae. Hence 
we have recently embarked on a detailed study of the 
embryology of this family. For a precursory investigation of 
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the ovule and seed structure in Achariaceae, material of 
Gulhriea Bolus was available. The colleclions had been 
made over several years during general field trips and mate-
rial had been preserved in FAA (formalin-acetic acid-alco-
hol). Allhough fina l slages in seed developmenl were not 
present in the material, we hoped to gain some new embry-
ological data on the family. The results of our study are 
reported in the present communication. Included are the first 
descriptions of the structure of the nucellus and formation of 
the nucellar cap, megasporogenesis, embryo sac develop-
ment, mature embryo sac structure, endosperm formation 
and early seed coat development for Achariaceae. 
Material and Methods 
FAA preserved material of Guthriea capensis, collected from 
nine localities and stored in the HGWJ Schweickerdt 
Herbarium (PRU), was examined. Female flower buds, open 
female flowers and post-ferti lisation floral stages, found in 
material from five populations, were removed from the pre-
servative, rinsed in 70% ethanol and dissected. The ovules 
of each ovary were col lected in a separate, labeled vial and 
processed according to the methods of Feder and O'Brien 
(1968) for eventual sectioning in glycol methacrylate (GMA) . 
Ovules were individually embedded and sectioned at a 
thickness of approximately 21Jm. Transverse sections were 
made of selected ovules and developing seeds and at least 
five sets of median sagittal sections were obtained of all 
developmental stages encountered in the material. Selected 
sections were stained with the periodic acid/Schiff (PAS) 
reaction and counterstained with toluidine blue 0 (pH 4.4) or 
Heidenhain's haematoxylin by using the protocols of O'Brien 
and McCully (1981) . 
Observations and Results 
Placentation and orientation of ovules 
The hypogynous female flowers conlain flask-shaped, near-
ly sessile, unilocu lar ovaries. In each ovary, nUmerous 
(15-35) ovules are found, orientated haphazardly with their 
micropyles pointing in all possible directions . They occur in 
varying numbers along the five parietal placentae which 
extend downwards from the narrow neck-like distal part of 
the ovary to the broad bulbous base. In some populations 
there was a tendency to reduce the number of ovules per 
ovary. The ovules in these ovaries were restricted to the 
lower, bulbous part of the ovary and the uppermost ovules 
were noticeably reduced in size. 
Structure of the sporophytic ovular tissue 
Mature ovules are ovoid (about 950~m x 750~m). anat-
ropous, bitegmic and almost sessile . All the basic tissue sys-
tems are present and combine to form a compactly built ovu-
lar body (Figure 1 A, and 1 B) . 
Integuments 
Both integuments are multilayered and consist of five to 
seven cell layers over most of their length. The outer integu-
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ment is much longer than the inner, its distal border is lobed 
and in this region the integument is conSiderably thicker than 
the inner integument. A protuberance is present on the 
rap hal side at the distal border of the inner integument. This 
bulge, fo rmed by periclinal divisions of outer epidermal cells, 
protrudes outwards beneath the lobes of the outer integu-
ment (Figure 1 A,). The localised growth at the distal borders 
of the integuments resulted in an endostome not lining up 
with the exostome and a micropyle canal that follows a 
decidedly zigzag course (Figure 1A,). 
Stomata occur among the outer epidermal cells of the 
outer integument (Figure 1 A,) and those of the raphe. At this 
stage, no trichomes were observed in the outer epidermis of 
the outer integument. 
Raphe 
In sagittal sections of ovules the rap hal region appears 
exceptionally th ick and stretches along the whole length of 
the ovule, from the extremely short funicle to the chalaza 
(Figures 1A, and 1C) . Transverse sections of ovules 
showed, however, that the raphe actually is a narrow, ridge-
like extension of parenchymatous tissue which contains the 
vascular bundle and keeps it fairly isolated from the main 
ovular body (Figure 1 B) . 
Chalaza 
The overgrown chalazal region forms a solid, broad base to 
the ovule. The vascular bundle of the raphe terminates more 
or less in the central part of chalaza where the tissue con-
sists of very small and darkly staining cells (Figure lA,). The 
blind ends of the vascular elements are, therefore, separat-
ed by many layers of small cells from the bases of the 
integuments and from the chalazal nucellar tissue (Figures 
1A, and 1C). 
Nuceffus 
In ovules with mature embryo sacs, the nucellar tissue forms 
a cylinder with a slightly attenuated apex beneath the endos-
tome (Figures 1 A, and 2B) . The ovule is crassinucellate and 
the small, mature embryo sac lies in the centre of the 
micropylar half of the nucellar cylinder, surrounded on all 
sides by numerous layers of nucellar cells. A well developed 
hypostase (sensu Tilton 1980) borders onto the chalazal end 
of the embryo sac (Figure 1A,). This tissue comprises five to 
seven rows of chalazal nucellar cells extending downwards 
in the direction of the blind ends of the vascular bundle. At 
the micropylar end of the embryo sac the nucellar tissue 
forms an epistase consisting of several rows of cells with 
dark staining cell wal ls (Figures 1A" 2B and 20). Each row 
contains from seven to nine cells that separate the micropy-
lar embryo sac elements from the inner epidermis of the 
inner integument. According to Bouman (1984: 149) the 
epistase tissue plugs the micropyle and the structure is only 
known in a few unrelated fami lies. 
Megasporogenesis and embryo sac development 
Until the megaspore mother cell starts to divide, it could not 
be distinguished by size or contents from the surrounding 
nucellar cel ls. When the cel l enters into the prophase of the 
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Figure 1A- G: Structure of mature ovule and formation of bisporic megagametophyte in Guthriea: A,. Sagittal section of mature ovule, indi-
cating the outer integument (oi) with distal lobes (I). the inner integument (N), the zigzag micropyle canal (curved black arrows), the posilion 
of the hyposlase (h) and epistase (e) in the nucellus (n) . the vascular bundle (v) in the chalaza, the raphe (r) and short , thick funicle (f). Bar 
100~m. A2. Part of ovule, at slightly later stage than A, showing a stoma (arrow) in the outer epidermis of the ou ter integument Bar 50lJm. B-
transverse section of mature ovule showing the pronounced raphe (r), outer integument (oi), inner integument (ii) and nucelius (n) with embryo 
sac. Bar 100J-lm. C. Sagittal section of young, crassinucellate ovule illustrating its attachment to the placenta and the position (large arrow) of 
the megaspore molher cell at meiosis. Bar 200J-lm. D. Meiosis (/arge arrow) in megaspore mother cell. E. Micropylar region of an ovule con· 
taining a dyad (arrows) after meiosis I. F and G. Consecutive sections of an ovule after meiosis II , Illustrat ing the disappearing upper dyad 
cell (arrow head) and the two megaspore nuclei (5) in the chalazal cell of the dyad. Bar in O-G 10J-lm 
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first meiotic division (Figure 1 D), it is deepty imbedded in 
nucellar tissue. On the micropylar side the megaspore moth· 
er cell is covered by three layers of nucellus epidermis cells 
and at least five layers of parietal tissue (Figure 1 C). Meiosis 
results in the formation of two equal dyad cells (Figure 1 E), 
surrounded by nucellar cells with dark staining nuclei. The 
micropytar celt of the dyad degenerates without further divi-
sion (Figures 1 F and 1 G). tn the chalazal cell of the dyad the 
second meiotic divisin is completed and the two megaspore 
nuclei move to opposite poles of the developing bisporic 
megagametophyte (Figures 1 F and 1 G). After two mitoses, 
the megagametophyte contains four nuclei at each pole and 
has developed into an Allium type, eight-nucleate megaga-
metophyte. At the chalazal pole , three small and elongated 
antipodal cells remain visible for some time, but the lower 
polar nucleus migrates to the micropylar pole to join the 
upper polar nucleus (Figure 2A) . The three other micropylar 
nuclei become organized into the cells of the egg apparatus. 
In open flowers with mature embryo sacs, the synergids are 
large, elongated cells with dark staining liliform apparatus 
(Figure 26). The polar nuclei fuse to form a conspicuous 
central nucleus that lies in close proximity to the synergids 
and small egg cell. The antipodals can no longer be distin-
guished in the chalaza I part of the embryo sac. 
Development of endosperm and embryo 
Fertilisation in Guthriea is porogamous and endosperm for· 
mation is nuclear. After entering the embryo sac, the tip of 
the pollen tube becomes swollen and forms several branch-
es which persist during the initial stages of endosperm 
development, while the small embryo sac becomes filled 
with large endosperm nuclei (Figure 2C). The remains of the 
pollen tube disappear during the late globular stage of the 
embryo. During the downward elongation of the embryo sac, 
the free endosperm nuclei become arranged in a single 
layer alongside the embryo sac wall. An aggregation of 
nuclei was often seen at the chalazal end of the embryo sac 
(Figure 2D), representing an early stage in the formation of 
a free·nuclear, chalazal endosperm haustorium. 
The development of the embryo was not studied in detai l. 
The zygote divides transversely, but tetrad pro-embryo 
stages were not encountered so that the embryo could not 
be typified. However, the embryo remained globular in all 
stages encountered in the material and a suspensor was 
totally absent, which brings to mind the suspensorless 
Penaea variation of the Asterad type, also reported for Viola 
(Natesh and Rau 1984: 390, 414). 
Development of seed coat 
While the fertilised ovule is developing into a seed, both 
integuments become multiplicative (i.e. the number of cell 
layers increases by periclinal divisions) and participate in the 
formation of the seed coat. In pre-fertilisation stages the 
outer integument, Le. the future testa, consists of three lay-
ers: an outer epidermis of small, rectangular and thin-walled 
cells, an inner epidermis of rectangular, darkly staining cells 
and an intervening tissue comprising three to five middle lay-
ers (mesophyll sensu Corner 1976) of thin-walled, vacuolat-
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ed cells (Figure 1A,). The inner integument, i.e. the future 
tegmen , comprises about six cell layers, namely an outer 
epidermis of conspicuously large cells with large nuclei, 
about four middle layers and an inner epidermal layer adja· 
cent to the nucellus epidermis (Figure 1A,). The integuments 
are not vascularised and during seed development the vas· 
cular tissue remains restricted to the raphal and chalaza! 
region. 
Before the zygote starts to divide, periclinal divisions occur 
in the outer epidermal cells of the testa (Figure 3A). Although 
these divisions do not contribute extensively to the increase 
in thickness of the testa, they show that the outer epidermal 
cells have the inherent potential to be multiplicative. 
Localised patches of a two- to three-layered epidermis are 
formed in the vicinity 01 epidermal hairs (Figure 36-D). 
These hairs make their appearance in the young seed coat 
during the resting stage of the zygote. The hairs remain uni-
cellu lar and soon become thick-walled (Figure 3C). They 
eventually form a covering to the seed - according to Killick 
(1976) the mature seed of Guthriea is pubescent. 
The inner epidermis of the developing testa contributes 
significantly to the increase in thickness of the seed coat 
(Figure 36-D). Seven to eight cell layers are added to the 
testa by means of repetitive periclinal divisions, followed by 
anticlinal and oblique divisions. Eventually, the derivatives of 
the inner epidermis form a wavy endotestal layer of tightly 
packed, polygonal and short-sided cells (Figures 3C and D). 
To keep pace with the increase in diameter and the length-
ening of the seed, the cells of the middle layers become 
separated from each other by large intercellular spaces and 
stretch in a tangential direction. 
The tegmen contributes a few layers to the seed coat dur-
ing the early developmental stages of seed coat formation 
(Figure 36). The large cells of the outer epidermis (Figure 
3A) divide periclinally once or twice and the cells stretch lon-
gitudinally (compare Figures 3C and D). The cells of the 
middle layers and inner epidermis show only anticlinal divi-
sions. The cuticular layer that has separated the two integu-
ments of the ovule is not detectable during later stages of 
seed coat development. The inner cuticle of the seed coat 
thickens, extends down into the radial walls of the cubical 
cells of the inner epidermis and becomes strongly PAS-pos-
itive (Figures 3C and D). 
Discussion 
Until very recently, the meagre data on ovule and seed 
structure on Achariaceae amounted to the following: the 
ovules are parietal, crassinucellate, bitegmic and anat· 
ropous; the seed coat is formed by both integuments and 
clearly exotegmic in Ceraliosicyos Nees (Dahlgren and Van 
Wyk 1988); the endosperm is copious and oily and the seed 
has a ridged raphe (Guthriea and Acharia Thunb ., but not 
Ceraliosicyos) , is exarillate and tuberculate (Ceraliosicyos), 
or reticulate (Acharia) or hairy (Guthriea) (Killick 1976, 
Dahlgren and Van Wyk 1988) . The present study, while con-
firming these characters for Guthriea, also revealed the 
detailed structure of the integuments, nucellus and mature 
embryo sac. It could further be ascertained that, at least in 
Guthriea, embryo sac development conforms to the bisporic 
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Figure 2A-D: Structure of the embryo sac (bisporic Allium type) and the formation of nuclear endosperm in Guthriea: A . Young embryo sac 
in sagittal view showing one of three antipodals (a), two polar nuclei (p) and one of the synergids (y) . Bar 50~m . B. Mature embryo sac in 
sagittal view showing the synergids (y) with filiform apparatus and the large nucleus (e) of the central cell. Note the epistase cells (white 
arrows). Bar 50lJm. C and D. Embryo sacs in post-fertilisation stages of ovules illustrating the epistase (e) , formation of free endosperm nuclei 
(a), a persistent pollen tube (I) and the chalazal aggregation (curved arrow) of free nuclei , starting to intrude into the adjacent tissue of the 
hypostase (h) . Bar 100llm 
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Allium type, endosperm formation is initially nuclear and the 
seed coat contains, apart from exotegmic elements, also 
mechanical tissue of endotestal origin. 
Lately, a study on Ceratiosicyos laevis (Bernhard 1999) 
has revealed some new information on ovule characters in 
Achariaceae. The present study on Guthriea makes possible 
an appraisal 01 these additional data and shows, rnost 
importantly, that ovule morphology in Ceratiosicyos and 
Guthriea differs significantly. Ovules 01 the latter genus are 
almost sessile, solid and squat·looking structures with a 
conspicuously ribbed raphe, distally lobed integuments and 
a zigzag micropyle formed by both integuments. In contrast, 
the Ceratiosicyos ovule appears slender with its well· formed 
fun icle, elongated nucellar apex , straight micropyle canal 
(endostome) and integuments of equal length and width 
(Figure 23 in Bernhard 1999). 
Since pre·Linnean times sympetaly has been recognised 
as significant in classifications. Lately, most taxa with sym· 
petatous flowers have been grouped in the asterid clades 
(Nandi et al. 1998). In these taxa, flowers with united petals 
usually correll ate with unitegmic, tenuinucellate ovules and 
cellular endosperm. In the rosids, where Achariaceae was 
placed (APG 1998), the combination of sympetaly with 
bitegmic, crassinucellate ovules and nuclear endosperm is 
extremely rare. The four characters have only been reported 
for two additional rosid families, namely Caricaceae (Nandi 
et al. 1998) and Cucurbitaceae (Dahlgren 1927, Philipson 
1974, Davis 1966). 
Ovule morphology and ovule-to-seed development in 
Guthriea show that the sympetalous Achaniaceae have sim· 
ilarities with several families that form part 01 the Violales-
Cucurbitales-Capparales complex (sensu Dahlgren 1991), 
currently included in the rosids. In these families the ovules 
are bitegmic, crassinucellate and usually anatropous with 
nuclear endosperm. Integuments are well·developed and in 
some represe ntatives , e.g. Flacourtiaceae and 
Scyphostegiaceae, distally lobed (Bouman 1984, Van Heel 
1976: 3, and references cited therein) like those 01 Guthriea. 
With the notable exception of Cucurbitaceae, both integu -
ments partake in the formation of the micropyle canal (Davis 
1966). The characteristic and rather peculiar zigzag 
micropyle 01 Guthriea has hitherto been reported in repre-
sentatives of Begoniaceae, Brassicaceae, Capparidaceae, 
Ftacourtiaceae and Violaceae (Davis 1966, Johri et al. 
1992). It is, therefore, significant that the micropylar region 
of the integuments in Ceratiosicyos (outer integument not 
participating in the formation of the micropyle canal and the 
absence of integumental lobes, according to Figure 23 in 
Bernhard 1999) approaches the situation as found in 
Cucurbitaceae. 
Harms (1925) regarded Achariaceae as the closest re la-
tives of Cucurbitaceae and Dahtgren (1991) placed the two 
families, together with Datiscaceae and Begoniaceae , in 
Cucurbitales. Some new embryological data obtained during 
the present study on Guthriea further support an association 
between Achariaceae and Cucurbitales: In Guthriea the 
embryo sac is bisporic and conforms to the Allium type. 
Among the 24 lamilies included by Cronquist (1988) in the 
Viol ales this type is only reported for Cucurbitaceae and 
Oatiscaceae, all other families have the more basic 
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Polygonum type embryo sac (Davis 1966). Another charac-
ter of Guthnea that is reminiscent of some Cucurbitaceae is 
the behaviOUr of the pollen tube. In both lamilies this struc-
ture persists for some time and tends to branch and dilate 
after entering the embryo sac in GUlhriea and the nucellus 
beak in some Cucurbitaceae (Johri et al. 1992). Also, free-
nuclear chalazal endosperm haustonia as we have found in 
developing seed of Guthriea, often occur in species of 
Cucurbitaceae at globular pro·embryonal stages 
(Vijayaraghavan and Prabhakan 1984). 
Some embryological characters of Achariaceae have 
been used to argue against an alliance with Cucurbitaceae 
and viewed as suggestive of an association with 
Passifloraceae, for example, a superior ovary, absence of a 
prominent beak in the apex of the nucellus and an 
exotegmic seed coat. It should be noted that perigyny, 
although scarce, does occur in some Cucurbitaceae 
(Takhtajan 1997). As for the structure of the micropylar 
nucellar tissue, Bernhard (1999) has painted out that the 
nucellar apex in Ceratos;cyos ovule does not resemble the 
beaked nucelli of Cucurbitaceae. In Guthriea the micropylar 
nuceUar tissue is even less pronounced than in Ceratosicyos 
and indicates a tendency in Achariaceae to reduce the size 
of the nuceliar apex. If the Guthriea ovule represents an 
advanced stage of reduction , it seems possible that ances· 
tral Achariaceae could have had ovules with beaked nucell i 
like some Cucurbitaceae. 
The testal structure of the cucurbitaceous seed coat rep· 
resents an important embryological difference between 
Cucurbitaceae on the one hand and members of 
Passifloraceae, Flacourtiaceae and Turneraceae with their 
exotegmic seed coats, on the other hand (Dahlgren and Van 
Wyk 1988, Takhtajan 1997). The exotegmic seed of 
Ceratiosicyos has been regarded as evidence that the 
Achariaceae belongs with the second group of families and 
especially with the Passilloraceae (Bernhard 1999). The 
present developmental study on the seed coat of Guthriea 
shows that the seed is mainly testal. The outer epidermis of 
the outer integument clearly has the ability to divide pericli-
nally and some of the external derivatives develop into thick-
walled cells (trichomes) with a possible protective function. 
However, apart from this exotestal tendency of the seed 
coat, the seed of Guthriea is mostly endotestal: the main 
protective layer results from repetitive divisions of the inner 
epidermis of the testa which eventually forms a thick, wavy 
layer underneath the mesophyll. The multi-layered tissue 
eventually consists of cuboidal celis, possibly sclerotic at 
maturity. This undulating layer brings to mind the multiplica-
tive and wavy inner mesotesta of Carica papaya L. (Corner 
1976). 
The contribution of the tegmen to the mechanical tissue of 
the seed of Guthriea is not extensive. The outer epidermis 
divides one or twice to form a thin layer of longitudinally ori· 
entated fibres inside the endotestal sclerenchyma. 
Significantly, the outer epidermis of the tegmen of 
Caricaceae can be slightly multiplicative (Corner t 976: 69) 
and the derivatives develop into thickwalled, lignified, longi-
tudinal fibres. A fibrous exotegmen is also characteristic of 
Flacourtiaceae (Flacourtia group) and Violaceae (Corner 
1976, Johri et al. 1992) 
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Figure 3A-D: Structure and development of the seed coat in Guthriea as seen in longitudinal (A, B and D) and transverse (C) sections of 
ovules: A. Young seed coat in pollinated ovu le with periclinal divisions in the Quter (08,) and inner (ie,) epidermis of testa. Note the large outer 
epidermal cells (oe!) of the tegmen. B. Seed coat during the resting stage of the zygote. Note the proliferation of inner epidermal cells (ie,) of 
the testa and perictinal divisions in the Quter epidermis (oe~) of the tegmen. C and D. Seed coat at an advanced stage, but before seed ripen-
ing occurred. Note the many layers of inner epidermal cells (ier) of the testa (endotestal seed coat) and the thickened inner cuticle (arrows). 
Additiona l abbreviations: m" middle layers of testa ; m", middle layers 01 legmen; ie?, inner epidermis of legmen, n, nucellus. Bars 50f,Jm 
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Conclusions 
Ovule and seed characters in Gutllriea differ considerably 
from those reported for Ceratiosicyos (Dahlgren and Van 
Wyk 1988. Bernhard 1999). supporting previous evidence 
from morphological and anatomical fie lds that the genera of 
the Achariaceae are extremely diverse. The three genera 
should. possibly, be placed In separate families and in their 
own order. However. the almost total lack of embryological 
information on Acl1aria and paucity of data on Ceratiosicyos 
prevent any decisive conclusions in this regard. 
Ovule structure and seed characters revealed in the pres-
ent study support the placement of Achariaceae among the 
families of the Violales (sensu Dahlg ren 1980). 
Embryologically, Guhtriea seems closer to Flacourtiaceae, 
Scyphostegiaceae and Violaceae than to Passlfloraceae. 
Recent cladistic analyses (APG 1998) indicate that most of 
the families of the Violales belong in Malpighiales, others in 
Cucurbita les (8egoniaceae, Cucurbitaceae, Datiscaceae) 
and 8rassicales (Caricaceae). Embryological similarities 
between Achariaceae and families in the aforementioned 
orders may indicate that Achaniaceae is an early offshoot of 
a common ancestor that may have led to these three orders. 
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